Abstract-The most striking waveform in an electrocardiogram (ECG) is the QRS complex. The detection of the R wave is the first step in any automatic analysis of the ECG. In this paper, we propose a new method based on a preprocessing of ECG signal in order to restore and enhance it properly. For this purpose, we use the intrinsic components issues from the empirical modal decomposition. To emphasize and extract R waves, we proceed to a decomposition of ECG signal by bionic wavelet transform. Finally thresholding time/amplitude is applied to determine the position of the R-wave. The algorithm tests have been carried out on the signals QT database.
INTRODUCTION
Extraction of the QRS complex is of paramount importance in automatic processing systems of the ECG. Its time of occurrence and morphology provide us important information about the current state of the heart. Indeed, thanks to the identification of R-peaks we can determine the heart rate, the analysis of heart rate variability and segmentation of the ECG signal. This detection seems to be done by a simple thresholding of the signal as R-waves are generally of greater amplitude than the others. But this is not the case for all patients: sometimes the T-wave amplitude is comparable to that of the R-wave, which could be a serious source of error. Also, in some pathological cases, the R-wave can sometimes have very low amplitude and morphology varies from one cardiac cycle to another. Not to mention the presence of noise in the ECG of different origins.
In this paper, the choice of the R-wave detector is based on a pretreatment process for filtering that uses empirical mode decomposition followed by a bionic wavelet transform. The pulses from the pretreatment are then submitted to the rules of decision according to thresholding criteria for proper detection of the R-wave.
II. PRETREATMENT PROCESS OF ECG SIGNALS:

A. Filtering with Empirical Modal Decomposition:
The empirical mode decomposition (EMD) is an adaptive multi-resolution analysis method of non-stationary signals developed in 1998 by NEHUANG engineer at NASA. This method is not defined analytically and its performance is based on the simulation. Unlike wavelets, EMD performs signal analysis entirely driven by the natural scale of data. In other words, the EMD is not based on family cores or predetermined basic functions. All signals x(t) are locally decomposed into a sequence of contribution : fast oscillations are called details and slow oscillations are called approximations [1] . All these contributions form the intrinsic modal functions IMFs. This adaptive decomposition of the signal in a series of IMFs is carried out using a sifting process.
Note, however, that the EMD requires the choice of an interpolating function (typically cubic spline) to estimate the upper and lower envelopes of the signal for the reconstruction of the IMFs.
Intrinsic mode function is a function that satisfies the following two conditions:
The number of extrema and the number of zerocrossing must be greater than one.
At every point of the signal the mean value of envelope, defined by the maximum and the envelope defined by the minimum, is zero.
The EMD Pseudo-algorithm is :
The signal x(t) can then be written [1] , [6] :
Step1: Identification of all local maxima and minima of .
Step 2: All maxima are then connected by a cubic Spline curve as the upper envelope max (t). Similary all local minima are connected by a Spline curve as lower envelope min (t).
Step 3: Calculate the local mean envelope e (t) from the upper and lower envelope: 2
Step 4:Extract the detail:
This corresponds to the first iteration of the sifting process.
Steps 1 to 4 are repeated until d (t) satisfies the criteria of the IMF
Step 5: If the residue has a sufficient number of extrema Then
reiterate to the resultant signal e (t) the extraction process of the IMF, else the residue is regarded as the final residue r (t).
, Where is the jth oscillation, r(t) is the residue of the decomposition and N the number of IMFs (The decomposition Depth). On any ECG recording, the track can be confused by undesirable disturbance called artifacts. Among the most important are mentioned the baseline drift (frequency < 5 Hz), the motion artifacts (frequency 1-10Hz), etc.
The EMD is decomposition into local and self-adaptive sub-bands. it separates the noise components from the signal components itself. Under the assumption of non-noise distribution, the EMD is generally used for denoising signals [5] . Indeed, the reconstruction of the signal in this case is made entirely from all different levels of intrinsic decompositions.
In This paper, we used the EMD as a filtering step in the pretreatment process. The ECG signal is partially reconstructed based on a reduced number of IMFs determined by an energy criterion of the QRS complex.
Thus, as the EMD is used to describe a signal by decomposing it locally from higher frequencies to lower frequencies, the fluctuations of the base line, for example, typically low frequency will therefore be removed from the first levels of details. Each ECG input signal x(t) is decomposed into a finite number of IMFs by applying the empirical mode decomposition method. IMFs are obtained using the sifting process. Only the first 3 IMFs are retained for reconstruction. In fact the first intrinsic component is rich in information but is very noisy while the two following IMFs contain both noise and useful information. It is shown that if we remove one of IMF2 or IMF3 there will be a strong probability of distortion of the R-wave. In order to eliminate noise while preserving the physical aspect of the QRS complex we used a filtering step on each component by a band-pass filter on the spectral band [5, 35 Hz] which maximizes the energy QRS and mitigates the P and T waves. For this purpose we use the Tompkins filter. This type of filtering reduces noise in the signal and also the muscle noise.
B. Non linear Bionic wavelet transform:
The bionic wavelet (BWT) is a continuous adaptive wavelet transform (CWT) whose time-frequency resolution is adjusted to the signal, depending on the frequency and the instantaneous amplitude of the signal and its first derivative [2] .The BWT has a time varying envelope expressed by the function , inserted in the expression of the mother wavelet φ [3] : 1 , √ , . exp
In this expression 0 represents the fundamental frequency of the mother wavelet. Originally, this wavelet was introduced in speech processing, is estimated at 15165.4 rad/s for the human auditory system. The factor √ ensures the normalization function of energy in the mother wavelet, the factor , adjusts the envelope of the mother wavelet with no change in the central frequency 0 [4] . The adaptation of the BWT is obtained by the time function , .
When you insert this function in the scale factor of the Morlet wavelet, we obtain:
. is the amplitude envelope of the Morlet wavelet mother given by: denotes the length of the initial time support.
The enhanced signal is now undergoing continuous wavelet transform. The wavelet used is the bionic wavelet, (Mycwt_BT3) is the mother wavelet. The level of decomposition of the signal is level 6 because at this level signal details become clearer and ready to be exploited.
III. THRESHOLDING AND DETECTION OF R-WAVE:
To extract the R-wave, the resulting signal is exploited (the sixth of the wavelet coefficient). To achieve this, we proceed first to a threshold in time and amplitude to detect the R wave. Thresholding adopted to locate the R-waves is an adaptive thresholding. Indeed, the peak detection is carried out with absolute threshold of which the ECG signal baseline has been rectified at IMFs from EMD. When the ECG signal features artifacts at the R-peak, we realize that an artifact can be considered as an R-wave. This is the case when the artifact corresponds to a duplication of R peak, whose separation falls below the threshold. To correct these errors, we imposed a value to the interval between two successive positions of peaks. Thus, when the difference between two times of detection of R peaks is less than 0.1s, we consider that we are in the presence of an artifact. As it is impossible to really know where the R peak is, we therefore perform an average of the times of occurrence of two pseudo-peaks, which amounts to considering that R peak would be at the middle of the two pseudo-cycle. 
A. Presentation of the QT base:
Since there is no a rule to determine the beginnings and ends peaks of ECG wave. Validation of ECG segmentation algorithms should be done with the support of manually annotated databases by cardiologists.
Many studies in this direction have been conducted but the difficulty of gathering sufficient data bases tend to make the results unreliable and sometimes even contradictory. Each database consists of a set of records identified by name. Lists of names registered for each database can be found through the website Physionet. The annotation file contains the positions and times of occurrence of R peaks of the QRS complex of the given signal. There is a number giving the order of R peak and a mark for the type QRS (normal or abnormal). The procedure generally used to calculate the values of TP, FP and FN is based on two criteria while taking a decision on the position of a detected R peak: The impact of band pass filtering made which alters the peak positions R. The fact that the locations which exist in the annotation file were manually marked by cardiologists.
B. Validation of the algorithm :
To quantify the reliability of a test signal process ingin medical community, we consider the notions of false alarm (FP) and missing (FN), the criteria used [6] is the sensitivity (Se) and predictivity (P +).
Across studies from « American National Standard Practice » [7] , two key parameters shall be calculated to assess algorithms for detecting the R wave and that are : Sensitivity: We define the sensitivity (Se) as the probability that a sick patient is detected as sick :
The positive predictivity : Is defined positive (P + ) as the probability that a patient is sick knowing that it was detected as such:
-TP (True Positive): A number of properly detected R. -FP (False Positive): the number of falsely detected R. it's the number of R waves that have been detected by the algorithm Whereas they are not part of this category.
-FN (False Negative): number of forgotten, it's the number of waves labeled R that the algorithm has not detected. A. Matlab GUI:
The current versions of Matlab used to build graphical user interfaces (or man-machine interfaces) are called GUI (Graphical User Interface for) in MATLAB. They allow the user to interact with a computer program, using various graphical objects (buttons, menus, checkboxes, ...). These objects are usually operated using the mouse or keyboard. This tool is able to build high-level applications.
The user can choose from 40 signals load from the QT database, he can set the length value of the sample signal that he wants to analyze. This length can not exceed 225 000 samples (maximum length defined by the base QT).Activating the button "Detection" triggers our algorithm:
• Step 1: preprocessing procedure based on empirical mode decomposition and bionic wavelet transform. • Step 2: Decision rule: thresholding and extraction of R-waves
The total number of beats is extracted from the memo file of the QT based on the analyzed signal.The number of properly detected R wave is then displayed.
When we talk about heart rate is actually talking about the ventricular rate. It is therefore measured by counting the number of R-wave minute. 
VI. CONCLUSION:
In this paper we developed a new method for detecting the R wave based on previous work [8] [9] [10] and by merging two tools for analyzing non-stationary signals: empirical modal decomposition and bionic wavelet transform.
By derogation from other approaches to the use of EMD, we propose to reconstruct the signal from the first 3 IMFs with the application of a band-pass filter on each IMF in advance. Then, to enhance and extract the R waves we used a continuous adaptative wavelet transform (CWT). Initially introduced in speech processing, the bionic wavelet transform has a time-varying envelope.
The results are very satisfying and help to show the effectiveness of the proposed R wave detector.
